In this study, a model for sludge filtration resistance (SFR) was developed using electrical resistance analogy by relating the rate at which water flows to the current of charge to determine Sludge Filtration Resistance using a typical single Electrical Resistance from a Direct Current Circuit. Synthetic sludge was successfully formulated for experimental purposes. The advantage of using synthetic sludge was that they permitted experiments to be performed on stable samples with known physical and chemical properties not subject to degradation by microbial activity. The result from the present study indicates the effect of conditioner on synthetic sludge filtration at variable pressure for sludge filtration resistance (SFR) and the trends in the results indicated that SFR reduces with increase in the concentration of dissolved salt (CaCl 2 ). The linearity observed between plot of volume of filtrate versus time of filtration by correlation coefficient of R 2 = 0.9292 (Figure 1 ) for 10 g of CaCl 2 and R 2 = 0.9294 (Figure 2 ) for 18 g of CaCl 2 . It is evident from the calculated values that they are very strong and have testified that the effect of conditioner on synthetic sludge filtration at variable pressure for sludge filtration resistance (SFR) using electrical resistance analogy is very satisfactory. When compared the existing data from SFR with other measure of filterability calculated using Carman's equation to validate the model, it was observed that specific resistance decreases as the concentration of CaCl 2 (dissolved salt) increases which agrees with SFR.
Journal of Environmental Protection [1] . The main reason for dewatering sludge is to reduce its volume by eliminating water, which lowers transportation costs, and facilitates storage. The presence of contaminants in Sewage Sludge arising from municipal discharges is the most challenging problem and may be the deciding factor in determining the choice of a utilization dewatering option [2] . There are techniques used in dewatering devices in removing moisture from waste water sludge which include mechanical and non mechanical methods. The seeming problem in evaluating a suitable equation for filtration process depends on the sludge filtration resistance which is a parameter used in quantifying the filterability of sludge. This parameter cannot be easily measured directly like other variables normally incorporated into filtration expressions. Wastewater treatment processes result in the production of large quantities of sludge. The sludge generated is difficult to handle and dispose of because of its high water content of about 97.5 percent [3] . Dewatering process increases solid content or sludge between 20% and 35% [4] [5] [6] [7] .
Typical approaches involve addition of conditioning chemicals to increase the dewatering rate and improve filtrate quality, and then processing the sludge in centrifuges, belt presses or other dewatering unit [8] [9] [10] . There are different ways to characterize the filterability of sludges. The most common method to evaluate the filterability of sludges is to determine their filterability by measuring specific resistance to filtration (SRF). The measurement of this parameter is based on the flow through a porous medium which is a good indicator of the filterability. Electricity resistance is the opposition of a conductor to current. In physics, analogy means that two or more subfields can be described by means of the same mathematical structure. The electricity quantity is analogous to the rate at which water flows is the current of charge [13] . The resistance to flow represented by a severe constriction in a water pipe is analogous to the resistance to electric current represented by a common electric "resistor" and connecting a battery to an appliance through a wire is like using a large pipe for water flow [14] . A model of filtration dewatering is presented based on the d'Arcy flow equation in which the resistance to filtration is described by the Corzeny-Carman equation and the driving force is the difference between the external pressure and the osmotic pressure of the filter cake. It has been found that this model reproduces all known features of filtration dewatering and is found to be consistent with experimental data [15] . Sludge filtration theories and derived equations have been based on experimental assumptions and conditions, each researcher making effort to modify already existing theory in order to introduce a completely new concept for evaluating sludge filtration equation. Many theories have been advanced over the years to describe this important specific resistance equation.
Carman's work was based on the concept of specific resistance and the time velocity plot of sludge filtration at constant pressure. He postulated that specific resistance is independent of suspended solid concentration and assumed that the total loss of filtration pressure arises from pressure drop across filter cake, pressure drop across initial resistance and loss incurred in recovering filtrate. Carman's work has been criticized as it regards an ideal situation where the cake formed during filtration is rigid and at constant filtration pressure. Ruth established experimentally that the plot of filtrate volume V versus t followed a parabolic relation in line with theoretical predictions based on Carman's equations.
He also suggested that the specific resistance in Carman's equation should be designated as an average constant value. Thus, Carman later proposed an equation for specific resistance as [25] : Ruth's equation which generally well describes the filtration sub-process [16] [17], using the slope of the line, specific resistance to filtration was calculated from the following equation derived by Ruth. Journal of Environmental Protection ).
An equation for sludge filtration was formulated based on the concept of specific resistance using LMT dimensional analysis. And the result shows that the resistance to filtration for conditioned sludge decreases as the conditioner concentration increases [2] [18] . Thus, they arrived at:
where R = specific resistance (m/kg), gh ρ ). An equation for sludge dewatering using
FMTLxLyLz dimensional analysis based on specific resistance and compressibility [19] [20] [21] . The analysis of experimental data was in accordance with theoretical predictions. Thus,
R is the specific resistance (m/kg), A is the area of filtration (m 
Problems of Specific Resistance
Early researchers also submitted that the specific resistance increase from the surface of the cake to the septum since the porosity decreases from the surface of the filter septum [22] [23] [24] . There is no laboratory apparatus which measures specific resistance parameter neither is there any theory simple in concept which enables the direct evaluation of specific resistance during vacuum filtration in available literature.
The expression proposed by [25] assumes the specific resistance to be constant throughout the sludge cake thickness. Specific resistance parameter in Carman's equation should be designated as an average value which was later suggested 26] . However, relating the variability of specific resistance along the cake thickness suggested that the concept of average specific resistance as proposed by
Ruth does not make sense [27] . Therefore, it is expedient for researchers to replace the above two concepts of specific resistance based on constant and average concepts of specific resistance with a variable specific resistance concept.
Carman's equation predicts that v is proportional to absolute area A but from careful experimental investigation by [28] it has been shown that v is proportional to the area A raised to the power 0.91 plus or minus 0.02 and 1.38 plus or minus 0.02 when total area and effective areas of the filter are used respectively.
In Carman's equation C is the mass of dry cake per unit filtrate volume and this parameter is difficult to measure experimentally as stated by [29] and hence it is taken as the initial solid content of the sludge which is inconsistent with theoretical prediction. The filtration area has brought up controversies among previous researchers which some believe that the total area should be assumed while others school of thought advocate effective area of filtration and some take the effective area as being equal to the area of the filter medium while some define it as the total area of the concentric holes of the Buchner funnel [29] . Effective filtration area of the Buchner funnel was assumed to be equal to the area of the filter paper [30] . However, this was argued that it has overestimated the true filtration area by more than 25% [31] . There is disparity in reported units of specific resistance which led to confusion and eventually hinders communication based
on the fact that range of specific resistance values from raw to well conditioned sludges is the same order of magnitude as the change in numerical value of specific resistance together with the use of various units [32] . 
Materials and Methods

Formulation of Synthetic Sludge
A synthetic sludge was formulated using a known quantity of the following 
The Concept of Electrical Resistance
Resistance is anything that will resist a current measured in Ohms named after the early 19th century German physicist George Ohm. The main formula in electrical circuit theory is Ohm's law which is proportionality constant. The electrical resistance depends on the material (bulk properties) and the geometry (length and cross-sectional area). Thereby, geometry is a controlling factor in the conducting wire design. But the calculation of resistances is a non-trivial task [39] .
Applicability of the Electrical Resistance in Cake Filtration
Due to the inconsistency of the specific resistance units and many variable conditions that affect specific resistance which are not based on the equipment design that are difficult to control, this study seeks to draw an analogy between fluid flow rate and electrical current. Water flowing in pipes is a lot like electricity flowing in a circuit. A battery is like a pump. Electrons flowing through wires are like water flowing through pipes. The pressure generated by the pump drives water through the pipe; that pressure is like the voltage generated by the battery which drives electrons through the circuit.
Sludge Filtration Resistance Model Using Electrical Resistance Analogy
Electrical resistance is analogous to sludge filtration resistance relating the rate at which water flows to the current of charge. To determine the Sludge Filtration Resistance, we compare or relate its magnitude to a typical single Electrical Resistance from a Direct Current (D.C) Circuit. 
Results and Discussion
Applicability of Electrical Resistance in Sludge Filtration Resistance
Synthetic sludge was dewatered using the Filter Press for a five minutes interval over 30 minutes period of time at variable pressure. Sludge Filtration Resistance was determined using a plot of Volume of Filtrate V versus Time of Filtration (t) (Equation (8)). Using the slope of the line, Sludge Filtration Resistance was calculated using Equation (10) 
Comparison of SFR with Carman's Equation
To validate the model, an experiment was conducted in order to calculate other measure of filterability. Specific resistance to filtration (R) was calculated using 
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Carman's equation with the R data generated for 10 g, 12 g, 14 g, 16 g and 18 g of CaCl 2 as well as pressure. It was observed that specific resistance decreases as the concentration of CaCl 2 (dissolved salt) increases with variation of pressure which agrees with SFR. Comparison is shown in Figure 6 and Figure 7 which gave a linear relationship.
Conclusions and Recommendations
Electrical resistance is analogous to sludge filtration resistance relating the rate at which water flows to the current of charge to determine the Sludge Filtration Resistance by comparing its magnitude to a typical single Electrical Resistance from a D.C Circuit. Synthetic sludge was successfully formulated for experimental purposes. The advantage of using synthetic sludge was that they permitted experiments to be performed on stable samples with known physical and chemical properties not subject to degradation by microbial activity. The linearity Other researchers are encouraged to carry out further research on synthetic sludge for improvement.
